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Abstract: This paper investigates the characteristics of the flow field induced by a supersonic jet at the tail of
an underwater axisymmetric vehicles under different pressure ratio conditions, based on the volume of
fluid (VOF) multiphase flow model. The study analyzes the evolution of the flow field at the tail of the
axisymmetric vehicles and explores the morphological distribution of the induced cavity at various time
instances under different pressure ratios. The research findings indicate a close relationship between the jet's
tail cavity morphology and the nozzle pressure ratio. When the pressure ratio is relatively low, the tail cavity
exhibits a conical shape similar to the supercavitation. As the pressure ratio increases, the influence of the tail
vortex on the jet gradually diminishes, and the high-pressure ratio jet evolves into a pulsating jet under the
action of shear entrainment driven by the Kelvin-Helmholtz instability. Within the pulsating jet flow field,
phenomena such as "back-attack" and pressure disturbances in the water medium lead to a "positive

feedback" effect on the pulsation characteristics of the jet. After the high-pressure ratio jet transforms into a
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pulsating jet, the degree of jet necking fluctuates significantly with time, and the initial bubble breakup results
in a random distribution of the jet necking location with time. With a further increase in pressure ratio, the
morphology of the pulsating tail cavity tends to stabilize, and the pressure fluctuation amplitude at the bottom
of the axisymmetric vehicles decreases.
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Fig.4 Comparison between experimental and simulation results for pressure ratio=1.04 and 2.29
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Fig.5 Comparison between experimental and simulation results with pressure ratio=11.36
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Fig.7 Structure of unbroken cavity and backward movement of trailing vortex

2.2 Bksh i A AR

R LS (s e A 11,36, 15.80 A1 21.00) 76 & Re W A IR S R R SEASAR L, #2280 — D0 hh =3
WA RS SRR . DAT00 S S, o i 2 P A fe — J 32 27K A A BEAS, 55— 7 iR 32 5]
[ AR R0 FE R Il S 3t o i, Fh 1 s T LSRR LA AR R R ghse, S AT R AR IR 2 vpi
AW ) T RS 8y, 7R A AR TP A6 s R A K, O BRI kR, WE 8(a) iR, o, T B
2R I (AR B 2], M 23 g A8 K B 5 I AR RS B — B, RIATE Tot3AT B ZI A 0] & SR
) g, e U AT, HR/NE T 5217, v=340 mys.,

T +AT

A

T, H10AT

(a) HHwIH (b) BRI
El 8 JEL N 15.8 B 283 A J it 1

Fig.8 Cavity development process when pressure ratio is 15.8
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